Objective. The validity of parent-reported adolescent vaccination histories has not been assessed. This study evaluated the validity of parent-reported adolescent vaccination histories by a combination of immunization card and recall, and by recall only, compared with medical provider records.
The routine adolescent vaccination schedule has expanded since 2005, adding four additional vaccination recommendations: the tetanus-diphtheria-acellular pertussis (Tdap), meningococcal conjugate (MCV4), quadrivalent human papillomavirus (HPV4), and influenza vaccines. [1] [2] [3] [4] The advent of these recommendations creates the need for vaccination providers to accurately screen patients for vaccination and provide information for vaccination coverage surveillance to monitor uptake of these new vaccines. Accurate surveillance and provider screening are needed to decrease missed opportunities for vaccination, identify undervaccinated populations, and monitor progress in achieving coverage goals. Parent-reported vaccination status is often used in medical settings and by certain surveillance instruments, but has been found to be inaccurate among young children. [5] [6] [7] [8] [9] [10] The validity of parent-reported adolescent vaccination histories has not yet been assessed.
Validity studies have shown that, compared with the medical record, parental report often over-or underestimates the immunization status of young children. [7] [8] [9] [10] [11] [12] [13] The validity of a parent's recall of a child's vaccinations has been found to depend upon the type of vaccine, the age of the child, and the number of shots that the parent must recall. 9 In addition to parental recall, household-retained immunization cards have been found to be insufficient sources for estimating vaccination coverage because they are often incomplete. 7, 10, 12 Yet, immunization cards have better agreement with provider-reported vaccination rates compared with parental recall. 5 For these reasons, multiple sources of information have been recommended to improve the validity of reported vaccination rates among young children. 8, 11, 12 However, provider-reported vaccination data are often viewed as the most accurate source of information about a child's vaccinations. 13 To our knowledge, the validity of parent-reported adolescent vaccination histories has not yet been assessed. In the absence of a medical record, an immunization card or parental report is often used when providers need to assess a child's vaccination status or when parents respond to questionnaires used for vaccination coverage surveillance. Some nationally representative surveys that collect and rely on parental report of adolescent vaccinations include the Behavioral Risk Factor Surveillance System, the National Health and Nutrition Examination Survey, the National Health Interview Survey, the National Survey of Family Growth, and the National Survey of Children's Health. 14 Currently, the National Immunization Survey-Teen (NIS-Teen) is the only nationally representative survey that confirms vaccinations through provider records.
We used the NIS-Teen to compare parent-reported vaccination histories with provider-reported vaccination histories to assess the accuracy of parent-held immunization cards and parental recall.
MeThodS
The NIS-Teen is composed of two phases: (1 ) a random-digit-dialed household survey used to identify adolescents aged 13-17 years and (2) a mailed provider survey collecting provider-reported vaccination histories for adolescents. The NIS-Teen represents a stratified national probability sample of households in the United States, including all 50 states and the District of Columbia. It is built on the sampling frame of telephone numbers used by the NIS, which seeks to identify vaccination rates in children 19-35 months of age. Methods and weighting procedures for the NIS and NIS-Teen have been described previously. 15, 16 Households are first screened for children aged 19-35 months and then are administered the NIS. The household is then screened for adolescents 13-17 years of age. Households in which there is not a 19-to 35-month-old child are not administered the NIS interview, but are then screened for the presence of a 13-to 17-year-old adolescent. If more than one eligible adolescent lives in the household, one of the adolescents is randomly chosen. The adult who is most knowledgeable about the teen's vaccinations is administered a computer-assisted telephone interview. With consent of the adolescent's parent or guardian, the adolescent's health-care providers are contacted by mail to request information on vaccinations from their medical records.
For brevity, we will refer to the parent or guardian interviewed as the adolescent's parent. Interviewers collect information from the parent about household sociodemographic characteristics and the adolescent's immunization history. Some of the sociodemographic information includes parental report of the adolescent's age, race/ethnicity, health insurance type, household income, mother's highest education level, and having had a preventive health-care visit at age 11-12 years. We defined poverty status by using the reported household income and the 2007 federal poverty level thresholds defined by the U.S. Census Bureau. We determined the household metropolitan statistical area by the telephone area code.
Parents reported the adolescent's immunization history by reading from an immunization card or by recall (from memory). Interviewers asked respondents if an immunization card was available for them to refer to during the household interview. If an immunization Public Health Reports / 2011 Supplement 2 / Volume 126 card was available, parents were first asked to look at the card to determine if a vaccine had been given to the adolescent. If parents did not see that vaccine on the card, they were asked to recall if the adolescent had ever received that vaccine without it being recorded on the immunization card. Hereafter, we will refer to this group as the "immunization card/recall group." Respondents were instructed to report the number of doses and the dates of vaccination for each vaccine. Respondents could answer "don't know" if they were unable to give the vaccination dates. If an immunization card was not available, parents were asked to recall if the adolescent ever received each vaccine. Hereafter, we will refer to this group as the "recall-only group." Answers included "yes," "no," and "don't know." If the respondent answered "yes," the adolescent had received the vaccination, the number of doses was asked; respondents could answer with either a specific number of doses, "all shots," or "don't know."
The interviewers asked respondents to give contact information for all of the vaccination providers that the adolescent had seen since birth. After obtaining parental consent, interviewers contacted the adolescent's vaccination providers by mail and asked them to complete immunization history questionnaires (IHQs) for the adolescent. The IHQs were completed by clinic staff using the adolescent's medical record and returned by mail or fax. Returned immunization histories were reviewed for completeness. If an adolescent had more than one provider that returned an IHQ, multiple provider reports were combined into a single adolescent vaccination history, or "synthesized provider immunization history," which was used to determine if the adolescent was up-to-date for the recommended vaccines.
Statistical analysis
Data from the 2008 NIS-Teen were analyzed using SAS ® version 9.2 and SUDAAN ® version 10.0 to account for its complex sampling design. 17, 18 Our analysis was restricted to adolescents for whom all named vaccination providers returned an IHQ to reduce underreporting of vaccinations as a result of the scattering of their immunization records. 19, 20 Validity of parental report of the following vaccinations was assessed: 1 dose of tetanus-diphtheria or Tdap (Td/Tdap), 1 dose of Tdap, 1 dose of MCV4, 1 dose of HPV4, 3 doses of HPV4, 2 doses of measles-mumps-rubella (MMR), 3 doses of hepatitis B (Hep B), and 2 doses of varicella (VAR). Because some surveys ask parents about the receipt of any tetanus booster and older adolescents may have received Td before the licensure of Tdap, we assessed the validity of parental report of any tetanus booster and the receipt of Tdap specifically. 21, 22 We performed bivariate analyses to determine the weighted percentages and 95% confidence intervals (CIs) of select sociodemographic characteristics of adolescents in the immunization card/recall group and the recall-only group. We also performed bivariate analyses to assess vaccination coverage rates by parental and provider report. We used Wald-F Chi-square tests to determine associations between the type of parental report and (1) sociodemographic characteristics and (2) provider-reported vaccination coverage rates. We considered "don't know" responses from parents regarding vaccination coverage as "no" responses.
Four validity measures were determined for each vaccination for the immunization card/recall group and the recall-only group. These included (1) percent false-positive (1-specificity), which is the percentage of parental reports of an adolescent receiving a vaccine when he/she did not receive the vaccine according to the provider record; (2) percent false-negative (1-sensitivity), which is the percentage of parental reports of an adolescent not receiving a vaccine when he/ she did receive the vaccine according to the provider record; (3) net reporting bias, which is the difference between parent-and provider-reported vaccination estimates; and (4) kappa, which is the measure of agreement between parental and provider reports. Although arbitrary, we used the following commonly used benchmarks to interpret kappa results: agreement was considered poor for a kappa value 0.00, slight for 0.00-0.20, fair for 0.21-0.40, moderate for 0.41-0.60, substantial for 0.61-0.80, and almost perfect for 0.81-1.00. 23, 24 The NIS-Teen was approved by the Centers for Disease Control and Prevention's Institutional Review Board.
ReSulTS

Response rate
In 2008, 30,725 parents completed the NIS-Teen household survey. The Council of American Survey Research Organizations response rate was 58.7% and was the product of the resolution rate, the screening completion rate, and the interview completion rate. The resolution rate is the percentage of the total telephone numbers selected that are classifiable as nonworking, nonresidential, or residential. The screening completion rate is the percentage of known households successfully screened for the presence of age-eligible adolescents. The interview completion rate is the percentage of households with one or more age-eligible adolescents who complete the household interview. Among those who completed the household survey, 58.1% had adequate provider-reported vaccination histories. 25 Among adolescents with adequate provider-reported vaccination histories, 91.4% had all named vaccination providers return an IHQ. "Don't know" and "refused" responses ranged from 1.3% to 14.3% among parents in the immunization card/recall group and from 2.6% to 33.2% among parents in the recall-only group.
Demographic characteristics by report type
Among household survey respondents, 21.3% of parents responded to the NIS-Teen by immunization card/recall, while 78.7% of parents responded by recall only. Demographic characteristics for the immunization card/recall and recall-only groups are presented in Table 1 .
Validity measures
Vaccination coverage rates by parental and provider report are listed in Table 2 
dIScuSSIoN
This is the first validation study of parent-reported vaccinations compared with provider reports from medical records for adolescents. We found that parent-reported vaccination estimates using both immunization card and recall were more accurate than parent-reported estimates using recall only, and the validity of parent- Parents who reported childhood-administered vaccinations by immunization card/recall had moderate accuracy of reporting for Hep B compared with the provider report, but fair accuracy for MMR. However, parents who reported childhood-administered vaccinations by recall only had slight accuracy for both Hep B and MMR, with large net underreporting biases. Compared with childhood-administered vaccinations, parental report of adolescent-administered vaccinations by immunization card/recall was better, ranging from moderate to almost perfect accuracy. However, parental report of adolescent-administered vaccinations by recall only had fair accuracy for most vaccines, with larger net underreporting biases compared with the immunization card/recall group.
These findings are similar to those made by Suarez et al., who measured the validity of parents' reports of their children's vaccination status by recall. They found that the validity of a parent's recall depended upon the vaccine, and it decreased with increasing Public Health Reports / 2011 Supplement 2 / Volume 126 age of the child at vaccination and with an increasing number of vaccines that the parent had to remember. 9 Similarly, the kappa values among both reporting groups in our study were lowest for vaccines given dur- HPV4 had the highest kappa values compared with the other adolescent-administered vaccines for both reporting groups. Gardasil ® , the quadrivalent HPV vaccine (manufactured by Merck and Co., Inc., Whitehouse Station, New Jersey) has been the subject of a large marketing campaign by both Merck and professional medical associations. 26, 27 It has also had significant media coverage, which has increased public knowledge about HPV and its association with cervical cancer. 28, 29 The wide coverage of HPV4 may have made this vaccine easier to recall compared with other adolescent-administered vaccines (VAR, Tdap, and MCV4) that have not received equal media coverage. This may have contributed to the high reporting accuracy among parents. Similarly, because HPV is a sexually transmitted infection, discussions with physicians about HPV4 may have been more memorable to parents. For many parents, discussing their adolescent's sexual activity may be a sensitive topic, compared with discussing vaccines for non-sexually transmitted diseases. The negligible net bias for HPV vaccination from parental report can also be partly explained by the balancing of falsepositive and false-negative reports. The false-negative rate ranged from 5.0% to 20.5%, depending on the reporting group and number of HPV doses.
Furthermore, as adolescent vaccination rates increase, the measures of association for parentreported vaccination rates may change. With increasing knowledge of adolescent-administered vaccines and higher vaccine uptake, the validity of parental report may improve. On the other hand, as these vaccinations become more routine, the validity of parental report may also decline as parents pay less attention to the administration of these specific vaccines. Because these measures of association may change over time, the validity of parental report should be reevaluated periodically as vaccination uptake and knowledge about the vaccines improve.
In our study, reporting an adolescent's vaccination status from parent-held immunization card/recall gave more accurate vaccination estimates compared with reporting by parental recall only. Additionally, adolescents of parents who reported by immunization card/recall were more likely to be vaccinated with each vaccine compared with adolescents from the recallonly group. Having an immunization card available has been associated with higher vaccination coverage among young children. 9, 30 Yet, only 21.3% of respondents to our household survey had an immunization 31 The availability of an immunization card among parents participating in validity studies of young children has ranged from 21% to 72% and differs by study setting. 7, 9, 10, 32, 33 Few parents carry immunization cards with them when accessing acute or preventive health care for their young children. 7, 10, 33 As children age into adolescence, they have fewer preventive healthcare visits, and immunizations become less frequent. 34 Also, as participation in immunization information systems (IISs) increases, parents may be less motivated to carry immunization cards and keep them current.
Consequently, parents of adolescents may then be less likely to have an easily accessible immunization card in the home or to bring it to a health visit. However, it has been suggested that immunization cards improve communication between parents and providers and prompt discussions about vaccinations. 30 The recommendation to use each medical visit as an opportunity to evaluate one's vaccination status can be hindered when accurate vaccination information is not available. As seen among younger children, practitioners who receive inaccurate vaccination information may miss opportunities to vaccinate vulnerable adolescents or may even vaccinate when unnecessary. 33 To improve vaccination histories provided by parents in the absence of medical records, parents and adolescents should be encouraged to bring the adolescent's immunization card to all medical encounters. Likewise, vaccination providers should reissue new immunization cards if they are missing. Bringing the immunization card to all medical visits should improve the completeness of the card, allowing the same immunization card to be updated with each vaccination. Similarly, vaccination-provider participation in the state's IIS is a necessary component for developing comprehensive immunization registries that could be accessed when evaluating an adolescent's vaccinations. IISs allow for accurate vaccination surveillance at state and local levels, aid the identification of subgroups of unvaccinated individuals, and assist in the information exchange between different vaccination providers and facilities, which leads to improved vaccination coverage. 35, 36 Limitations This analysis had a few limitations. It is unclear if parents who did not respond with immunization cards did not actually possess an immunization card. Misclassification bias may have occurred if parents who had an immunization card available decided to respond by recall. A higher proportion of parents from the recall-only group responded "don't know" about their adolescent's vaccination status compared with parents from the immunization card/recall group. Because "don't know" responses were considered "no" responses, misclassification bias may have contributed to higher false-positive and false-negative rates in both reporting groups.
Another limitation was the possibility of incomplete provider-reported data. Administered vaccines that are missing from provider records may contribute to higher false-positive rates. Although weighting adjustments were made to account for nonresponse and households without landline telephones, some response bias may remain. Finally, our analysis was limited to adolescents with records from all named vaccination providers among those with adequate provider data, comprising 53% of those with completed household surveys. Potential bias resulting from limiting our analysis to this group may have led to higher reported vaccination estimates and lower false-positive rates compared with the general population, which may have more record scattering among providers.
coNcluSIoNS
Our study is the first to evaluate parental report of adolescent vaccination coverage, and our findings are similar to those of validity studies of parental report of vaccination coverage among young children. In the absence of a single and complete record of all vaccinations received by each adolescent, vaccination screening and surveillance monitoring is limited by the accuracy of parental recall, immunization cards, and medical records.
Parents and adolescents should be encouraged to bring the adolescent's immunization card to each health-care visit and vaccination site (e.g., school or workplace) to improve the completeness of the immunization card. Also, universal participation in a state's IIS is needed to provide a single, complete immunization record for each adolescent. Until there is universal participation, providers and surveillancemonitoring systems should use medical records, and IISs when possible, to assess an adolescent's immunization status. Also, the limitations of parental report and immunization cards should be understood when used to assess vaccinations. Because the validity of parentreported vaccination status may differ by subgroup, such as those with lower vaccination rates or different racial/ethnic minority groups, or as vaccine uptake and knowledge improve, future studies should assess these differences.
